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An Ocimum sanctum seed based matrix for
immobilisation of enzymes has been developed. The a-
rhamnosidase activity of naringinase has been
irnrnobilised on this newly developed matrix. Km . pH
and temperature optima of the immobilized enzyme
using p-nitrophenyl-a-L-rharnnopyranoside as the
substrate have been determined and found to be 0.17
mM, 4.0 and 60°C respectively.
Enzymes are seen as potential future organic
synthetic reagents due to their stereospecificity,
regioselectivity and milder reaction condition I.
The finding that enzymes can function even in
non-aqueous solvents has enhanced the scope of
enzymes as organic synthetic reagents':' . However,
the use of enzymes as organic synthetic reagents is
not economical':". After each batch of reaction, the
enzyme has to be denatured and the denatured
products have to be separated from the desired
product. Both of these steps increase the cost of the
desired product because enzymes are generally
expensive and the separation of the denatured
enzyme products involves additional operations.
The cost could be reduced by immobilising the
enzyme on solid support and using it continuously
like heterogeneous catalysts in a flow-bed reactor.
Though a number of matrices for immobilisation
of enzymes have been reported", most of them are
either very expensive or may not possess
properties suitable for industrial use. Thus there is
a need to develop matrices for immobilisation of
enzymes suitable for industrial use from
inexpensive indigeneous materials", Tiny seeds
with hard coats which provide greater surface area
for a given volume and can be packed in a column
are one of the possible materials. The alcoholic
groups of complex polysaccharides constituting
Note
the seeds coats can be chemically modified to
aldehydic groups which could be further activated
by diamino hexane and glutaraldehyde
respectively. Keeping these points in view, an
Ocimum sanctum (domestic Tulsi) seed based
matrix for immobilisation of enzymes has been
developed and its applicability in case of
immobilisation of a-rhamnosidase, a
biotechnologically important enzyme'" has been
demonstrated. The results are reported in this short
communication.
Naringinase (which contains a-rhamnosidase
E.C.3.2.1.40 activity) and its substrate' p-
nitrophenyl-a.-L-rhamnopyranoside were procured
from Sigma Chemical Company (St. Louis, USA).
All other chemicals were either from CDH (New
Delhi) or from Loba Chemie (Bombay) and were
used without further purification. Dry Ocimum
sanctum seeds were collected from the botanical
garden of Gorakhpur University and were washed
with double distilled water before use. The surface
of the seed was activated by the following
procedure.
Surface of 1 gm seeds was oxidised with 10 mL
of 0.2M sodium rnetaperiodate solution by
incubating it in dark for 16 hr at 25°C . It was
extensively washed with water and then with 3%
sodium thiosulphate and then again with water.
The surface alcoholic groups were converted into
surface aldehydic groups by this treatment which
was tested with 2,4-dinitrophenyl hydrazine.
50 mL of water was added to the chemically
modified seed coats followed by 50 mL of 10%
diaminohexane, pH was adjusted to 10-11 and the
solution was stirred at 25°C for 24 hr. The
chemically modified seeds were washed first with
25 mL of 0.1 M sodium acetate/acetic acid buffer
pH 4.8 and then with 25 mL of O.IM borate buffer
pH 8.5. After washing with water pH was
maintained 10-11 with IN NaOH, 50 mL of 1M
sodium borohydride was added, pH was adjusted
to 10-11 and the solution was stirred at 4°C for 15
hr. The imino bond formed by the reaction of
diamino hexane with surface aldehyde group are
converted into amine groups. The seeds were then
196 INDIAN 1 CHEM, SEC. B, FEBRUARY 1998
treated with 10 mL of 2.5% aq. glutaraldehyde for
2 hr. The excess .of glutaraldehyde was removed
by washing with double distilled water. The seeds
were treated with 1 mL naringinase solution (50
mg/mL) in 0.2M sodium acetate/acetic acid buffer
pH 4.0 and the solution was left overnight in a
fridge at 4°C . The unreacted enzyme was removed
by decanting the solution from the seeds and the
seeds were washed with the same buffer containing
1M NaCI to remove the non-covalently bound
enzyme. The immobilised enzyme preparation was
preserved in 0.2M sodium acetate/acetic acid
buffer pH 4.0 at 4°C in the fridge before use. The
sequence of reactions are shown in Chart 1.
Though the seed coat may contain complex
polysaccharides whose actual structures are not
known, the presentation has been made showing
glucose residue as a representative of
monosaccharides residues which may form the
complex polysaccharides of seed coat.
The activity of the immobilised a-rhamnosidase
has been determined spectrophotometric ally by
monitoring the liberation of p-nitrophenolate ion
from p-nitrophenyl-a-L-rhamnoside at 1..=400nm
using molar extinction coefficient value of 21.44
mM"'cm-'. The assay solution 3 mL in the cuvette
contained appropriate substrate concentration and
0.1 g of immobilised enzyme preparation in 0.2M
sodium acetate/acetic acid buffer pH 3.5 7 0.3
maintained at 57°C. UVNIS spectrophotometer t
Hitachi (Japan) model U-2000 fitted with an ~
electronic temperature control unit has been used ~ 0.2
for the spectrophotometric measurements. The ~
equipment has the facility to stir the solution in the ~
cuvette using tiny magnetic flee. The steady state ~
velocity was determined by taking the difference
of absorbance value of the solution stirred for a
fixed interval of time. The data point are average
of three measurements.
The double reciprocal plot of o-rhamnosidasel
immobilised on modified Ocimum sanctum seeds,
is shown in Figure 1. The calculated Km value for
the immobilised ernzyme is 0.17 mM which is
much smaller than the reported" Km value of 1.52
mM for the enzyme in solution phase. Thus
immobilisation of the enzyme on this matrix
decreases the Km value for the substrate indicating
that the enzyme in the immobilised form has











Figure I-Double reciprocal plot for u-rhamnosidase
immobilised on Ocimum sanctum seed based matrix. Assay
solutions 3 mL in a cuvette contained immobilised enzyme,
varying concentration of the substrate in O.2M sodium





Figure ~Dependence of the activity of the immobilised
enzyme on pH. The assay conditions are the same as
mentioned in legend to Figure 1 except that the substrate
concentration is fixed at 2mM and pH has been varied.
The activity-pH profile of the immobilised
enzyme is shown in Figure 2. The pH optimum of
the immobilised enzyme: is 4.0 which is greater
than the reported" value of pH optimum of 3.5 for
the enzyme in solution phase.
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C-N- (CH ) -NIl2 6 2
H
CH-NH-(CH ) -N=CH-(CH ) -CHO2 6 2 3
CH-NH-(CH ) -H=CH-(CH ) CH=N-E2 6 2 3
where E stands for enzyme
H' OH
Chart I
















Figure 3-Dependence of the activity of the immobilised
enzyme on temperature. The assay conditions are the same as
mentioned in legend to Figure I except that the substrate
concentration is fixed at 2 mM and temperature has been
varied.
The activity-temperature profile of the enzyme
immobilised on Ocimum sanctum seeds is shown
in Figure 3. The temperature optimum of the
immobilised preparation is 60°C which compares
well with reported" temperature optimum value of
57°C for the enzyme in solution phase.
The newly developed matrix is non-toxic and
can retain full activity of cc-rhamnosidase for more
than a month if kept in a fridge. It is worth
mentioning that e-rharnnosidase is a
biotechnologically important enzyme which has
been used in a debittering of citrus fruit juices II, in
the determination of rhamnoside" and in the
manufacture of rhamnose 13.
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